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Data collection 

Oxford Diffraction Xcalibur 
diffractometer with a Sapphire 
CCD detector 

Absorption correction: multi-scan 
(CrysAlis RED; Oxford Diffrac- 



Reflnement 

R[F 2 > 2a(F 2 )] -- 
wR(F 2 ) = 0.133 
S = 0.93 
4831 reflections 
313 parameters 
2 restraints 



0.047 



tion, 2009) 

T min = 0.840, r max = 0.876 
8487 measured reflections 
4831 independent reflections 
2470 reflections with / > 2a(I) 
R in , = 0.018 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.33 e A~ 3 

A,o m i„ = -0.29 e A~ 3 



In the crystal of the title compound, Q2H10QNO2S, the 
asymmetric unit contains two independent molecules. The N— 
C bonds in the C— S0 2 — NH— C segments have gauche 
torsions with respect to the S=0 bonds. The molecules are 
twisted at the S atoms with C— S0 2 — NH— C torsion angles of 
—53.8 (3) and —63.4 (3)° in the two molecules. The benzene 
rings are tilted relative to each other by 69.1 (1) and 82.6 (1)°. 
The dihedral angle between the sulfonyl benzene rings of the 
two independent molecules is 23.7 (2)°. The crystal structure 
features inversion-related dimers linked by N— H- ■ O 
hydrogen bonds. 

Related literature 

For hydrogen-bonding preferences of sulfonamides, see: 
Adsmond & Grant (2001). For our study of the effect of 
substituents on the structures of ^-(ary^-amides, see: Gowda 
et al. (2004); on the structures of 7Y-(aryl)arylsulfonamides, 
see: Shakuntala et al. (2011a,fo); and on the oxidative strengths 
of A'-chloro,Af-arylsulfonamides, see: Gowda & Kumar (2003). 
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Experimental 

Crystal data 

C 12 H 10 ClNO 2 S Triclinic, PI 

M r = 267.72 a = 10.206 (1) A 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D—H 


H-j4 


D--A 


D-H-A 


Nl-HIN-Ol 5 


0.84 (2) 


2.17 (2) 


3.010 (3) 


175 (3) 


N2-H2N- ■ -03" 


0.89 (2) 


1.99 (2) 


2.867 (4) 


167 (3) 


Symmetry codes: (i) — x 


-y + i, -t; 


(ii) -x+1, -v, 


-z + 1. 





Data collection: CrysAlis CCD (Oxford Diffraction, 2009); cell 
refinement: CrysAlis RED (Oxford Diffraction, 2009); data reduc- 
tion: CrysAlis RED; program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: PLATON (Spek, 2009); soft- 
ware used to prepare material for publication: SHELXL97. 

KS thanks the University Grants Commission, Government 
of India, New Delhi, for the award of a research fellowship 
under its faculty improvement program. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: NC2229). 
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4-Chloro-A L phenylbenzenesulfonamide 

K. Shakuntala, S. Foro and B. T. Gowda 

Comment 

The sulfonamide moieties are the constituents of many biologically important compounds. The hydrogen bonding pref- 
erences of sulfonamides has been investigated (Adsmond & Grant, 2001). As a part of studying the substituent effects 
on the structures and other aspects of this class of compounds (Gowda, & Kumar, 2003; Gowda et al, 2004; Shakun- 
tala et al., 2011a,Z>), in the present work, the crystal structure of 4-chloro-A L (phenyl)-benzenesulfonamide (I) has been 
determined (Fig.l). The asymmetric unit of the structure contains two independent molecules. The N — C bonds in the 
C — SO2 — NH — C segments have gauche torsions with respect to the S=0 bonds. The molecules are twisted at the S atom 
with the C — SO2 — NH — C torsion angles of -53.8 (3)° (molecule 1) and -63.4 (3)° (molecule 2), compared to the values 
of 57.6 (3)° in 4-chloro-A r -(2-chlorophenyl)-benzenesulfonamide (II) (Shakuntala et al, 2011a) and -58.4 (3)° in 4-chloro- 
A^-chlorophenyrj-benzenesulfonamide (III) (Shakuntala et al., 2011ft). 

The sulfonyl and the anilino benzene rings in the two independent molecules of (I) are tilted relative to each other by 
69.1 (1)° in molecule 1, and 82.6 (1)° in molecule 2, compared to the values of 84.7 (1)° in (II) and 77.1 (1)° in (III). 

In the crystal structure of the title compound the molecules are linked by N — H - O(S) hydrogen bonding into dimers 
that are located on centers of inversion (Table 1 and Fig.2). 

Experimental 

The solution of chlorobenzene (10 ml) in chloroform (40 ml) was treated dropwise with chlorosulfonic acid (25 ml) at 0 
° C. After the initial evolution of hydrogen chloride subsided, the reaction mixture was brought to room temperature and 
poured into crushed ice in a beaker. The chloroform layer was separated, washed with cold water and allowed to evaporate 
slowly. The residual 4-chlorobenzenesulfonylchloride was treated with aniline in the stoichiometric ratio and boiled for ten 
minutes. The reaction mixture was then cooled to room temperature and added to ice cold water (100 ml). The resultant 
4-chloro-A L (phenyl)-benzenesulfonamide was fdtered under suction and washed thoroughly with cold water. It was then 
recrystallized to constant melting point from dilute ethanol. The compound was characterized by recording its infrared and 
NMR spectra. 

Prism like colorless single crystals used in X-ray diffraction studies were grown in ethanolic solution by slow evaporation 
at room temperature. 

Refinement 

The H atoms of the NH groups were located in a difference map and later restrained to the distance N — H = 0.86 (2) A. 
The other H atoms were positioned with idealized geometry with C — H = 0.93 A and refined isotropic with (7i S0 (H) = 1.2 
(7 eq (C) using a riding model. 
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Figures 




Fig. 1 . Molecular structure of (I), showing the atom labelling scheme and displacement ellips- 
oids are drawn at the 50% probability level. 



Fig. 2. Molecular packing of (I) with hydrogen bonding shown as dashed lines. 



4-Chloro-iV-phenylbenzenesulfonamide 



Crystal data 

C 12 H 10 ClNO 2 S 
M,- = 267.72 
Triclinic, PI 
Hall symbol: -P 1 
a = 10.206 (1) A 
b= 10.900 (1) A 
c= 13.461 (2) A 
a = 68.19(1)° 
(3 = 87.64 (2)° 
y = 67.08 (l)° 

V= 1271.1 (3) A 3 



Z = 4 

F(000) = 552 

D x = 1.399 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 229 1 reflections 

6 = 2.5-28.0° 

|i = 0.45 mm -1 
7=293 K 
Prism, colourless 
0.40 x 0.36 x 0.30 mm 



483 1 independent reflections 



Data collection 

Oxford Diffraction Xcalibur 
diffractometer with a Sapphire CCD detector 

Radiation source: fine- focus sealed tube 2470 reflections with / > 2o(I) 

graphite i? int = 0.018 

Rotation method data acquisition using co and (p scans 6 ma x = 25.7°, 9 m j n = 2.6° 

Absorption correction: multi-scan 
(CrysAlis RED; Oxford Diffraction, 2009) 

7 min = 0.840, J max = 0.876 jfc = -13-»12 

8487 measured reflections / = -16— >16 
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Refinement 

Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = V[o 2 (F 2 ) + (0.0725P) 2 ] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max = 0.002 

Ap m ax = 0.33 e A~ 3 
Ap min = -0.29eA- 3 

Special details 

Experimental. CrysAlis RED (Oxford Diffraction, 2009) Empirical absorption correction using spherical harmonics, implemented in 
SCALE3 ABSPACK scaling algorithm. 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


II- *IU 
^iso ' ^eq 


Cll 


0.38715 (12) 


0.51207 (13) 


0.41184(9) 


0.1275 (4) 


SI 


-0.02351 (7) 


0.72074 (7) 


0.00095 (6) 


0.0670 (2) 


Ol 


-0.11578 (19) 


0.6455 (2) 


0.02316 (17) 


0.0804 (6) 


02 


-0.0837 (2) 


0.87352 (19) 


-0.04563 (18) 


0.0897 (7) 


Nl 


0.0811 (3) 


0.6608 (2) 


-0.07990 (19) 


0.0692 (6) 


H1N 


0.089 (3) 


0.576 (2) 


-0.068 (2) 


0.083* 


CI 


0.0854 (2) 


0.6661 (2) 


0.1192(2) 


0.0533 (6) 


C2 


0.1321 (3) 


0.7597 (3) 


0.1375 (3) 


0.0733 (8) 


H2 


0.1012 


0.8548 


0.0884 


0.088* 


C3 


0.2241 (4) 


0.7129 (4) 


0.2279 (3) 


0.0848 (9) 


H3 


0.2559 


0.7757 


0.2403 


0.102* 


C4 


0.2683 (3) 


0.5731 (4) 


0.2993 (2) 


0.0720 (8) 


C5 


0.2225 (3) 


0.4798 (3) 


0.2825 (3) 


0.0741 (8) 


H5 


0.2528 


0.3850 


0.3323 


0.089* 


C6 


0.1322 (3) 


0.5259 (3) 


0.1927 (2) 


0.0657 (8) 



Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.047 

wR(F 2 ) = 0.133 

5 = 0.93 

4831 reflections 
313 parameters 
2 restraints 
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Atomic displacement parameters (A 2 ) 



U n u 22 u 33 u 12 u n u 23 

Cll 0.1162 (8) 0.1725 (10) 0.1093 (8) -0.0534(7) -0.0125 (6) -0.0735 (7) 

SI 0.0507 (4) 0.0611 (5) 0.0912 (6) -0.0237 (4) 0.0041 (4) -0.0300 (4) 

01 0.0537 (11) 0.0874 (13) 0.1169 (17) -0.0383 (10) 0.0124 (10) -0.0469 (12) 

02 0.0689 (12) 0.0559 (12) 0.1212 (18) -0.0118 (10) -0.0069 (12) -0.0220 (11) 
Nl 0.0686 (15) 0.0743 (15) 0.0798 (17) -0.0378 (14) 0.0106 (13) -0.0364 (14) 
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a i a 07 (\ r\\ 
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A 70AO ^1 0\ 
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u.u / ou ^y ) 
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u.uyyo (ii) 
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CO 
oZ 


A AO/11 

U.Uo43 (0 ) 


A A/^1/1 fC\ 

U.U034 (3 ) 
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u.iuoy ( /j 


A A1 CA /'/1\ 

U.U13U (4) 


A AAOO /'C.A 

U.UUoo (3 ) 


A A/1A7 /^C\ 


C3 


A 1 ATA /I ~J\ 


u. luiy (io) 


A 1 CA /7\ 

U.l jU (Z ) 


A A1 1 7 (\ A\ 

U.U1 1Z (14J 


a A7/;o (\ c\ 
U.UZOy (10) 


A AO 1Q 




a i a/;o / 1 7\ 
U.lUOo (,1 /J 


U.UO /0 (13) 


A 1 1 A1 (\ Q\ 

U.l 1U3 (, loj 


U.UZUU (1Z) 


a A7/;7 /1 /i\ 
U.UZOZ (14) 


A AT T) /I "3\ 


XT'") 
JNZ 


A A771 /I 0\ 

U.U /Z3 (lo) 


a AO/;/; /'i o\ 
U.UoOO (1 0) 


A 1 1 1 fy\ 

U.l 13 yZ ) 


A A771 (\ C\ 

U.UZ /3 (13) 


A AA7 1 (\ C\ 

U.UUZ1 (13) 


A A/1 n /"1 7"\ 


C13 


A a/;/;c fl Q\ 

u.uooj (iy) 


A A£AQ (\ Q\ 

u.uouy yio) 


A A77 /'7\ 
U.U / / (^ZJ 


A AAOO (\ C.\ 

U.UUoo (,13) 


A AA77 /1 7\ 
U.UUZZ (1 /) 


A ATTA /^l 7\ 

U.U3ZU (I / ) 


C14 


A AA/C /a\ 

u.uyo (3 j 


A AOI f)\ 

U.U53 (Z) 


A AAA /1\ 

u.uyy (3 ) 


A A1 7 /7\ 

U.U1 / yZ) 


A aa/; /7\ 
U.UUO (Z ) 


A ATC 

U.Uzj (Z ) 


CO 


A 111 

U.l 1 3 (3) 


A AQ7 ^1\ 

u.uyz yj ) 


A 1 AC fl\ 

U. IUj yj ) 


A A1 /I 

U.U14 yj ) 


a A7/; /i\ 
U.UZO (3 ) 


a ai a (y\ 
U.U1U \L ) 


CIO 


A A07 

U.U5 / (3) 


A AOQ fl\ 

U.U55 yj ) 


A 1 1 7 {A \ 

U.l 3 / 


A AI 1 /7\ 

U.U31 yZ) 


A A c 1 cx\ 
U.U33 (3 ) 


A A/1A 

U.U4U (3 ) 


Cl / 


A A7C /">\ 

U.U / J (Z) 


A 1 1 C. /lA 

U. 1 1 J (3 J 


A 17 0 ^/l \ 

U.IZo (4 ) 


a A/i 1 fy\ 
U.U41 yZ) 


A A71 /7\ 

U.UZ3 (Z ) 


A ACC 

U.Uj J (J ) 


C 1 Q 

CIS 


A A77 

U.U / / (Z) 


A A7£ /7\ 
U.U /0 (^ZJ 


A AAA /1\ 

u.uyu yj ) 


A A7A 1 ( 1 A\ 

u.uzui (iy) 


A AA1A / 1 A\ 

U.UU3U (iy) 


A AT A7 /I Q\ 

U.U3U / (,loJ 


Pin 

C19 


A AOT /">\ 

0.083 (2) 


O.O00 (Z) 


A 1 A 1 /T \ 

U.1U1 (3) 


A A/1 1 A ( 1 A\ 

-0.0424 (19) 


A AT A /'>^ 

0.030 (2) 


A AI C A / 1 

-u.Uiju (ly) 


C20 


0.117(3) 


0.075 (2) 


0.101 (3) 


-0.022 (2) 


0.012(2) 


-0.020 (2) 


C21 


0.147 (4) 


0.083 (3) 


0.128 (4) 


-0.007 (3) 


0.022 (4) 


-0.029 (3) 


C22 


0.162 (4) 


0.094 (3) 


0.110(4) 


-0.033 (3) 


0.043 (3) 


-0.045 (3) 


C23 


0.112(3) 


0.113 (3) 


0.098 (3) 


-0.050 (3) 


0.033 (2) 


-0.046 (2) 


C24 


0.081 (2) 


0.092 (2) 


0.104 (3) 


-0.044 (2) 


0.015 (2) 


-0.039 (2) 



Geometric parameters (A, °) 








Cll— C4 


1.727 (3) 


C12— C16 


1.732 (4) 


si— 02 


1.4152 (19) 


S2— 04 


1.406 (2) 


SI— Ol 


1.4301 (18) 


S2— 03 


1.432 (2) 


SI— Nl 


1.625 (3) 


S2— N2 


1.625 (3) 


SI— Cl 


1.746 (3) 


S2— C13 


1.750 (3) 


Nl— C7 


1.424 (3) 


N2— C19 


1.422 (4) 


Nl— H1N 


0.844 (16) 


N2— H2N 


0.889 (17) 


Cl— C6 


1.375 (3) 


C13— C18 


1.366 (4) 


Cl— C2 


1.380 (3) 


C13— C14 


1.368 (4) 


C2— C3 


1.371 (4) 


C14— C15 


1.367 (5) 


C2— H2 


0.9300 


C14— H14 


0.9300 


C3— C4 


1.365 (4) 


C15— C16 


1.359 (5) 


C3— H3 


0.9300 


C15— H15 


0.9300 


C4— C5 


1.362 (4) 


C16— C17 


1.358 (5) 


C5— C6 


1.358 (4) 


C17— C18 


1.378 (5) 


C5— H5 


0.9300 


C17— H17 


0.9300 


C6— H6 


0.9300 


C18— H18 


0.9300 
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C/ — C1Z 


1 1 £ 1 (A \ 

1.3M (4) 


C/ — Co 


1.3 /o (4) 


po pp> 

Co — Cv 


1 1*71 

1.3 /3 (4) 


<^Q II O 

Co — hlo 


u.y3uu 


ppt pin 

cy — C1U 


1.341 \p) 


v / — 1 1 / 


U.7JUU 


CIO — Cll 


1.343 (5) 


CIO — H10 


0.9300 


Cll — C12 


1.380 (5) 


Cll — Hll 


0.9300 


C12 — H12 


0.9300 


P.1 C1 p.1 

U2 — M — d 


1 1 Q C 1 /I 0\ 

ny.M (12) 


p.1 c 1 m 1 
(J 2 — M — JN 1 


ino /;i /in 
lOo.oz (13) 


r\ 1 ci mi 
Ul — M — JN 1 


1 n/1 /in m\ 

lU4.4y (12) 


111 CI 1 


1 n~7 "7c /1 i~\ 
1U /. la (12) 


*ii c 1 pi 

Ul — ol — Cl 


1 no 11 /1 1\ 

iuy.1 1 (izj 


\n c 1 p 1 
JN 1 — M — CI 


lOO.OJ (12) 


PI M 1 C 1 

C/ — JN 1 — M 


IT] /I /I /I f\\ 

123.44 (iy) 


P"7 M 1 Ul M 

C/ — JN 1 — H1JN 


ii/; /i\ 
110 (2) 


C 1 M 1 Ul M 

M — JN 1 — H1JN 


1 An /i\ 

ioy (2) 


p/; pi pi 
Co — C 1 — C2 


1 1 n 1 <"3\ 

ny.i (3) 


p/; p 1 c 1 
Co — CI — M 


1 1 n ni /1 n\ 

ny.yz (iy) 


pi pi c 1 

C2 — CI — i>l 


1 id n /l\ 

lzo.y (2) 


PI PI P1 

C3 — Cz — C 1 


nn i /q \ 

120.2 (3) 


pi pi tji 
C3 — Cz — Hi 


ny.y 


pi r 1 ! ul 
CI — Cz — Hi 


ny.y 


p/i pi pi 
C4 — C3 — Cz 


1 1 n i 

ny.z (j) 


p/i pi ui 
C4 — C3 — Hi 


1 i/i /i 

1Z0.4 


pi pi ui 
Cz — C3 — H3 


1 i/i /i 
1Z0.4 


pc p/i pi 
CD — C4 C3 


111 i /i \ 
121.2 (j) 


pc pn 

CD — C4 CI 1 


HQ 1 /Il 

i iy.3 j 


pi p/i pi 1 
C3 C4 CI 1 


1 1 n c /il 
liy.J (2) 


p/: pc p/i 
Co — CD — C4 


ii/i/; /n 

ny.o (3) 


p/: pc uc 
Co — C5 — H5 


1 in i 
120.2 


P/1 PC UC 

C4 — C5 — H5 


1 in i 
120.2 


pc p/; p 1 
C J — Co — C 1 


1 in "7 /i\ 
120. / (2) 


pc p/c u/; 
Cj — Co — no 


1 1 n "7 

i iy. / 


pi p/: u£ 
CI — Co — Hf) 


1 1 n "7 

ny. / 


P1 1 p~7 po 
C12 — C/ — Co 


1 1 o /; n\ 
11 0.0 yi) 


rn p-7 xt i 
C 1 2 — C / — JN 1 


no a /i\ 
llo.O (i) 


po p~7 mi 
Co — C / — JN 1 


in i /i\ 
123.3 (i) 


pn po p~7 
cy — Co — C / 


1 1 n /i 
liy.4 (i) 


Pn PO UO 

cy — Co — ho 


1 in i 
120.3 


C7— C8— H8 


120.3 


CIO— C9— C8 


121.8 (4) 


CIO— C9— H9 


119.1 


C8— C9— H9 


119.1 


C9— CIO— Cll 


118.7(4) 


C9— CIO— H10 


120.6 
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pm p i/i 

Cly — Cz4 


1 1 AC f A\ 

1.34o (4) 


piin pi^A 

Cly — CzU 


1 inc. ( z\ 
1.3 /0 (j) 


Pin pi 1 
C2U — CZ 1 


1.4U!> [p) 


p 0 Pi I I ") Pi 

CZU — rlZU 


U.y3UU 


PH PT> 

CZ1 — czz 


1.35/ [p) 


v^z, i — 1 1 _ 1 


U.7JUU 


C22 — C23 


1.353 (5) 


C22 — H22 


0.9300 


C23 — C24 


1.371 (5) 


C23 — H23 


0.9300 


C24 — H24 


0.9300 


ci ni 
U4 — a2 — U3 


1 1 Q 1^ i 1 A\ 

ny.2j (i4j 


/^/1 Cl Ml 

U4 — b2 — JN2 


1 1 n cn /i /;\ 
110.50 (10) 


/.l c< 1 Ml 

U3 — b2 — JN2 


1 m Qt. /i ci 
1U3.00 (1 J) 


/^/i c i n i 
U4 — a2 — C 1 3 


1 n~7 /in /ki 
10 /.4y (15) 


m ci fi i 
U3 — 52 — C 1 3 


1 nQ 1 / 1 
lUo.lo (10) 


Ml C 1 t~*l 1 

JN2 — 52 — C13 


1 n/; nn / 1 1\ 
lOo.yy (13) 


nn mi c i 
Cly — JN2 — i>2 


lie O /1\ 

125.0 (2) 


no Ml uim 
Cly — JN2 — H2JN 


1 1 c /ll 

115 (2) 


Cl Ml UIM 

i>2 — JN2 — H2JN 


114 (2) 


pio /^1/l 

Clo — C13 — C14 


1 in i/i\ 
120.2 (3) 


pic r*\i ci 
C 1 o — C 1 3 — S2 


1 in A /il 
12U.4 (2 ) 


r^i/i rn ci 
C14 — C13 — f>2 


1 1 n /i /n 
liy.4 (3) 
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CIS — C14 — C13 


nm /^\ 

ny. / (4) 


Z"" 1 1 A U1 /I 

CIS — C14 — H14 


i in i 
120.1 


r^i/i U1/1 
C13 — C14 — H14 


1 in 1 
120.1 


ClO — CO C14 


linn / a\ 

ny.y (4) 


r^i/: uk 
ClO CIS — HID 


1 in n 
120.0 


C 14 — C 1 J — H 1 5 


1 in n 
120.0 


r^ii r^i/: 

C 1 / — C 1 0 — C 1 J 


i in n l a \ 
120.y (4) 


1 "7 r^i a /"'io 
C 1 / — C 1 0 — C12 


1 1 Q Q ( A\ 

no. y (4) 


1 /; r^li 
C 1 5 — C 1 o — C12 


i in i {a \ 
12V.2 (4) 


/^i/; /^1"7 no 
C 1 0 — C 1 / — C 1 0 


| in r / A\ 

ny.5 (4) 


r^i/: r^~\n un 
ClO Cl / — HI / 


1 in i 
120.3 


pio un 
C 1 0 — C 1 / — H 1 / 


1 in i 
120.3 


pil pio /^1"7 

C 1 3 — C 1 o — C 1 / 


1 1 n o /n 
liy.O (3) 


pio U1Q 

C 1 3 — C 1 0 — H 1 0 


1 in 1 
120.1 


r^ii no uio 
C 1 / — C 1 0 — H 1 0 


1 in 1 
120.1 


f^"tA nn pin 
C24 — C 1 y — C20 


1 11 1 tl\ 
122. i (3) 


nil pi/1 Ml 

C24 — C 1 y — JN 2 


in i /i\ 
122.2 (3) 


nn nn Ml 
C20 — c i y — JN 2 


1 1 C A fA\ 

115.4 (4) 


nn pin pi 1 
C 1 y — C20 — C2 1 


I 1 "7 A //1\ 

II 1 A (4) 


pin pin uin 
C 1 y — C20 — H20 


111 1 

121 .3 


C21— C20— H20 


121.3 


C22— C21— C20 


119.8 (4) 


C22— C21— H21 


120.1 


C20— C21— H21 


120.1 


C23— C22— C21 


120.9 (4) 


C23— C22— H22 


119.5 
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pi i pin 1 1 1 /i 
CI 1 — C1U — hllU 


1 in c 
1ZU.O 


C 1 0 C 1 1 C 1 ? 


1710 (A\ 


CIO — Cll — Hll 


119.5 


C12 — Cll — Hll 


119.5 


C7 — C12 — Cll 


120.4 (3) 


C7 — C12 — H12 


119.8 


Cll — C12— H12 


119.8 


P.O CI \T| /~*n 

U2 — al — JN 1 — C / 


£LH 1 P")\ 

oz.l (Z) 


p. 1 c 1 m 1 po 
(Jl — al — JN 1 — C / 


-ioy.3 (Z) 


p 1 c 1 m 1 po 
CI — M — JN 1 — C/ 


-Di.O (Z) 


p.o c 1 p 1 p/: 
U2 — a 1 — C 1 — Co 


lcO.5 (Zj 


p»i ci pi P£ 
Ul — al — CI — Co 


34.0 (Z J 


m 1 c 1 p 1 p/; 
JN 1 — al — CI — Co 


-77.7 (2) 


p.o ci p 1 po 
UZ — 5 1 — C 1 — CZ 


1 *7 Ci /"3\ 

-17.9 (3) 


p.1 ci pi po 
Ul — al — CI — CZ 


i /in i <">\ 

— i4y.i (zj 


\t i ci pi po 
JN 1 — S>1 — CI — CZ 


no £ 

y&.O (2) 


p/: pi po po 
Co — C 1 — C2 — C 3 


U.U (4) 


ci pi po po 

a 1 — C 1 — C2 — C 3 


—1 /0.3 (2) 


pi po po p/i 
C 1 — C2 — C 3 — C4 


p. 1 /c\ 

-0.1 (5) 


po po p/i pc 
C2 — C3 — C4 — CD 


A H /C\ 

-0.2 (5) 


po po p/i Pi 1 
C2 — Co — C4 — CI 1 


1 /O.O (Z) 


po p/i pc p/; 
CJ — C4 — CD — Co 


0.6 (5) 


pi 1 p a pc p/: 
CI 1 — C4 — CD — Co 


—1 /O.Z (Z) 


p/i pc p/: pi 
C4 — CD — Co — C 1 


-0.7 (4) 


PO P1 P£ PC 

C2 — CI — Co — CD 


A A { A \ 
U.4 (4) 


c 1 p 1 p/: pc 
al — CI — Co — CD 


1 /o.o (Z) 


c 1 mi po t ' 1 o 
M — JN 1 — C / — C1Z 


1 1Q 1 /1\ 

13V. Z (3 J 


CI \T1 p-7 PQ 

al — JN 1 — C / — Co 


—43.1 (4) 


/^i n p-7 po po 

c i z — c / — Co — cy 


-2.1 (5) 


M1 po po pn 
JN 1 — C / — Co — CV 


1 *7A A /I \ 

—i /y.y (3) 


po po pn pin 

C7 — Co — cy — c i o 


2.2 (6) 


C8— C9— CIO— Cll 


-1.1(7) 


C9— CIO— Cll— C12 


0.0 (7) 


C8— C7— CI 2— Cll 


1.0 (5) 


Nl— C7— CI 2— Cll 


178.9 (3) 


CIO— Cll— C12— C7 


0.0 (6) 



PT1 PTl TTT> 

Cz 1 — CzZ — hlZZ 


line 


P99 r?^ OA 




C22 — C23 — H23 


119.8 


C24 — C23 — H23 


119.8 


C19 — C24 — C23 


119.2 (4) 


C19 — C24 — H24 


120.4 


C23 — C24 — H24 


120.4 


r\A ci \n fin 
U4 — aZ — JN 2 — C 1 y 


53.3 (3) 


U3 — a2 — JN 2 — C 1 y 


-I//./ (3) 


ci \n n n 
C 1 3 — a2 — JN 2 — C 1 y 


-o3.4 (3) 


r\A ci rn pi o 
U4 — a2 — C 1 3 — C 1 0 


-5.0 (3) 


r^i o ni pig 
U3 — a/ — C 1 3 — C 1 o 


— 13j.U (Z ) 


\n ci rn pi o 
JN Z — aZ — C 1 3 — C 1 0 


113. / (3) 


U4 — aZ — C 1 i — C 1 4 


1 /o.U (3 J 


r\i co rn pi i 
(J3 — aZ — C 1 3 — C 1 4 


4o.U (3) 


\n co rn pi i 
JN 2 — a2 — C 1 3 — C 1 4 


-OD.3 (3) 


pin P10 P1/1 PIC 

Clo — C13 — C14 — ClD 


1 A f£\ 

-1.4 (5) 


CO P10 PI/1 P1C 

a2 — C 1 3 — C 1 4 C 1 D 


1 / f.O (3) 


P10 P1/1 pic pu 

C13 — C14 — ClD — Clo 


A 1 

0.1 (6) 


pii pi c pi/; pn 
C 14 — C 1 D — C 1 0 — C 1 / 


1.1 (6) 


pn pi c pi/; pio 
C 1 4 — C 1 D — C 1 0 — C12 


_ 1 /0. / (3) 


pic pit pn pin 

ClD — Clo — CI / — Clo 


-1.1 (6) 


PIO PU PIO PI O 

C12 — Clo — CI / — Clo 


1 /o.o (3) 


pii P10 pin PIO 

C14 C13 — Clo — CI / 


1 .4 (5) 


CO P 1 1 PIO PIO 

a2 — C 1 3 — C 1 0 — C 1 / 


— \ I f.O {I) 


pi£ PIO PIO P10 

Clo — CI / — Clo — C13 


A H /C\ 

-0.2 (5) 


co mo pin po/i 
a2 — JN 2 — C 1 y — C24 


-3Z.U (4) 


co mo pin port 
a2 — JN 2 — C 1 y — C2U 


1 r | r /q \ 

IjI.o (3) 


po/i pin pon poi 
CZ4 — C i y — CZU — CZ 1 


-2.1 (5) 


mo pin pon po 1 
JN 2 — C 1 y — C2U — C2 1 


1 /4.3 (3) 


pin pin pn p*n 
C 1 y — C20 — C2 1 — C22 


2.1 (6) 


C20— C2 1 — C22— C23 


-0.4 (7) 


C21— C22— C23— C24 


-1.5 (6) 


C20— C19— C24— C23 


0.3 (5) 


N2— C19— C24— C23 


-175.9 (3) 


C22— C23— C24— C 1 9 


1.6 (5) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D-A D—H-A 

Nl—HIN-Ol 1 0.84 (2) 2.17 (2) 3.010 (3) 175 (3) 

N2— H2N-03" 0.89 (2) 1.99 (2) 2.867 (4) 167 (3) 
Symmetry codes: (i) -x, -y+\, -z; (ii) -x+1, -y, -z+1. 
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